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(57) ABSTRACT 

Methods and systems for managing poWer consumption in 
data processing systems are described. In one embodiment, a 
data processing system includes a general purpose processing 
unit, a graphics processing unit (GPU), at least one peripheral 
interface controller, at least one bus coupled to the general 
purpose processing unit, and a poWer controller coupled to at 
least the general purpose processing unit and the GPU. The 
poWer controller is con?gured to turn poWer off for the gen 
eral purpose processing unit in response to a ?rst state of an 
instruction queue of the general purpose processing unit and 
is con?gured to turn poWer off for the GPU in response to a 
second state of an instruction queue of the GPU. The ?rst state 
and the second state represent an instruction queue having 
either no instructions or instructions for only future events or 
actions. 
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METHODS AND SYSTEMS FOR POWER 
MANAGEMENT IN A DATA PROCESSING 

SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] At least certain aspects of the inventions relate to 
data processing systems and the management of power con 
sumption on those systems. Other aspects of the inventions 
described herein relate to methods and systems for time keep 
ing in a data processing system. 
[0002] PoWer management on a data processing system 
often involves techniques for reducing the consumption of 
poWer by components in the data processing system. The data 
processing system may be a laptop or otherWise portable 
computer, such as a handheld general purpose computer or a 
cellular telephone. The management of poWer consumption 
in a portable device Which is poWered by a battery is particu 
larly important because better poWer management usually 
results in the ability to use the portable device for a longer 
period of time When it is poWered by one or more batteries. 
[0003] Conventional systems typically utiliZe timers to 
indicate When a subsystem should be turned off after a period 
of inactivity. For example, the motors in a hard drive storage 
system are typically turned off after a predetermined period of 
inactivity of the hard drive system. Similarly, the backlight or 
other light source of a display system may be turned off in 
response to user inactivity Which exceeds a predetermined 
period of time. In both cases, the poWer management tech 
nique is based on the use of a timer Which determines When 
the period of inactivity exceeds a selected duration. 
[0004] Another technique Which is used in the prior art for 
managing poWer consumption of data processing systems is 
shoWn in FIG. 1. In this technique, the data processing system 
is sWitched betWeen at least tWo different operating points, 
such as the operating points 12 and 14 shoWn in the graph 10. 
Each operating point represents a particular operating voltage 
and frequency pair. Thus, for example, operating point 12 
consumes less poWer by having the data processing system 
operate at a loWer voltage and also at a loWer operating 
frequency relative to the operating point 14. In the case of 
operating point 14, the data processing system operates at a 
higher voltage (V2) and a higher operating frequency (F2). 
[0005] Certain systems provide the capability to sWitch 
poWer completely off (e. g. set the operating voltage at VIO) if 
no use is being made of a particular subsystem. For example, 
certain system on a chip (SOC) provide a poWer gating feature 
Which alloWs for particular subsystems to be turned off com 
pletely if they are not being used. This approach does not take 
into account the status of an instruction queue relative to a 
system Which may be turned off before events Which are 
scheduled in the instruction queue. 

SUMMARY OF THE DESCRIPTION 

[0006] One aspect of at least certain embodiments of the 
inventions described herein relate to poWer management for a 
data processing system. In one embodiment, a data process 
ing system on a monolithic semiconductor substrate (Which 
forms a system on a chip) includes a general purpose process 
ing unit, a graphics processing unit (GPU), at least one 
peripheral interface controller, at least one bus (coupled to the 
general purpose processing unit, the GPU, and the at least one 
peripheral interface controller), and a poWer controller 
coupled to at least the general purpose processing unit and the 
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GPU. The poWer controller may be con?gured to turn, off 
poWer for the general purpose processing unit in response to 
a ?rst state of an instruction queue of the general purpose 
processing unit, and the poWer controller may be further 
con?gured to turn poWer off for the graphics processing unit 
in response to a second state of an instruction queue of the 
graphics processing unit, Wherein the ?rst state and the sec 
ond state represent an instruction queue having either no 
instructions or instructions for only future events or actions. 
The GPU may have its poWer turned off While an image, 
Which Was generated by the GPU, is being displayed by the 
data processing system. In certain embodiments, the GPU 
may be turned off betWeen display frames (eg between 
successive, consecutive display refresh frames). 
[0007] In certain embodiments, the subsystems being 
turned on and off may include a microprocessor, Which is a 
form of a general purpose processing unit, and the GPU, and 
one or more peripheral interface controllers as Well as other 
subsystems in the data processing system. The poWer con 
troller may completely remove a voltage from the subsystem 
(e.g. setting the voltage to VIO) or may otherWise reduce 
poWer by performing other operations such as changing an 
operating point Which is speci?ed by both an operating volt 
age and an operating frequency. PoWer may be turned on and 
off to various subsystems over a short period of time, such as 
less than one second or less than 100 milliseconds, such as 
less than 10 ms. The reduction of poWer consumption by one 
or more subsystems according to one of these embodiments 
may be triggered based solely upon the state of the instruction 
queue for the subsystem; for example, an instruction queue 
Which is either empty (e.g. contains no user instructions for 
current events) or contains only instructions for future events 
or actions may be the sole factor in determining Whether to 
cause the subsystem Which operates on those instructions to 
be placed in a reduced poWer consumption state. 

[0008] In another embodiment, a data processing system 
includes a processing unit, at least one bus coupled to the 
processing unit, at least one subsystem coupled to the at least 
one bus, and a poWer controller coupled to the processing unit 
and to the at least one subsystem. The poWer controller may 
be con?gured to reduce poWer consumed by the at least one 
subsystem or the processing unit in response to a ?rst state of 
an instruction queue in memory for the at least one sub 
system. The instruction queue is typically accessible to a 
softWare driver for the at least one subsystem Which commu 
nicates the status of the ?rst state to the processing unit Which 
in response reduces poWer, through the poWer controller, to 
the at least one subsystem. The ?rst state may represent an 
instruction queue having either no instructions (e.g. user level 
instructions for the subsystem.) or only instructions for future 
events or actions Which involve the subsystem. 

[0009] According to another embodiment of the inventions, 
a method of operating a data processing system includes 
determining a state of an instruction queue of a graphics 
processing unit or of another subsystem and turning off poWer 
to the graphics processing unit or the other subsystem, in 
response to determining that the instruction queue of the 
graphics processing unit has either no instructions or instruc 
tions for only future events or actions. This method further 
includes determining a state of an instruction queue of a 
general purpose processing unit and turning off poWer to the 
general purpose processing unit in response to determining 
that the instruction queue of the general purpose processing 
unit has either no user level instructions or only instructions 
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for only future events or actions. The GPU may be turned off 
While an image, Which Was generated by the GPU, is being 
displayed. Further, the GPU may be turned off (e.g. caused to 
enter a reduced power state) betWeen the display of frames or 
the generation of frames for a display. 
[0010] Another aspect of the inventions relate to methods 
and systems for scheduling a future event or action for pro 
cessing. In one embodiment, a method includes scheduling a 
future action for a subsystem of a data processing system, 
Wherein the future action is being scheduled for a future time 
Which is adjusted With a latency value Which represents a 
latency in poWering up the subsystem from a reduced poWer 
state. In an embodiment, this latency represents a projected 
latency or a portion of a projected latency. The method further 
includes supplying poWer to the subsystem to be poWered up 
in response to the future time as adjusted by the latency value. 
The subsystem may be at least one of a general purpose 
processing unit, a data decoder or codec, a camera interface 
controller, a Wireless interface controller, a controller for a 
dock, a serial bus interface controller, a digital signal proces 
sor, and/or a display controller. The latency may be estimated 
based upon the period of time it takes for a subsystem to 
become stabiliZed after initially receiving poWer or after 
entering an increased poWer consumption state. In one 
embodiment, the latency may be adjusted based on monitor 
ing hoW long it is taking for the subsystem to poWer up. In 
other Words, the latency may be adjusted based on real data on 
the length of time it takes the subsystem to poWer up. Differ 
ent latencies may be maintained for different subsystems if, 
for example, subsystems are found to have different actual 
latencies. In one embodiment, the reduced poWer state may 
include supplying Zero volts to the sub system or may involve 
supplying a reduced voltage to the subsystem While operating 
the subsystem at a reduced operating frequency. 
[0011] In one embodiment of the inventions, a data process 
ing system includes a processing unit, at least one bus coupled 
to the processing unit, at least one subsystem coupled to the at 
least one bus, a memory coupled to the at least one bus, and a 
poWer controller coupled to the processing unit. The memory 
may be con?gured to store data representing a future action 
for at least one of the subsystems and the processing unit, and 
the future action is being scheduled for a future time adjusted 
With a latency value Which represents a latency in poWering, 
up at least one of the subsystem or the processing unit from a 
reduced poWer state. The poWer controller may be con?gured 
to supply poWer to the at least one of the subsystem or the 
processing unit in response to the future time as adjusted by 
the latency value. In one embodiment, this alloWs the data 
processing system to schedule a future event and cause a 
subsystem to be placed in a reduced poWer state and then 
retrieve that subsystem from the reduced poWer state at a 
slightly earlier time in order to reduce the latency of the poWer 
up process for the sub system thereby making the system 
appear as if the subsystem had not been placed in a reduced 
poWer state. In other Words, the system seems as responsive as 
a system Which had not placed the subsystem in a reduced 
poWer state. 
[0012] Other methods and systems and machine readable 
media for storing computer programs to perform one or more 
of these methods are also described further beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The present invention is illustrated by Way of 
example and not limitation in the ?gures of the accompanying 
draWings in Which like references indicate similar elements. 
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[0014] FIG. 1 shoWs an example in the prior art for reducing 
poWer consumption or otherWise managing the poWer in a 
data processing system. 
[0015] FIG. 2 shoWs, in block diagram form, an example of 
a system of the present invention Which uses poWer gating to 
reduce poWer to one or more subsystems. 

[0016] FIG. 3 shoWs, in block diagram form, an example of 
a data processing system Which may employ one or more of 
the poWer management techniques described herein and 
Which also may use one or more of the methods of keeping 
time described herein. 
[0017] FIG. 4 shoWs another example of a data processing 
system Which may use one or more of the poWer management 
techniques described herein and/or one or more of the time 
keeping techniques described herein. 
[0018] FIG. 5A shoWs a time line of activity in a data 
processing system according to one embodiment of the 
present invention. 
[0019] FIG. 5B shoWs a time line of activity of different 
subsystems of a data processing system according to one 
embodiment of the present invention. 
[0020] FIG. 5C shoWs a data structure and softWare for use 
With at least one embodiment of the present inventions. 
[0021] FIG. 6 is a How chart Which illustrates one exem 
plary method of the present inventions. 
[0022] FIG. 7 shoWs an example of a data processing sys 
tem Which utiliZes tWo different types of interrupts in order to 
keep time according to one embodiment of the present inven 
tions. 
[0023] FIG. 8 shoWs a relationship betWeen certain hard 
Ware components and certain softWare components in a data 
processing system according to one embodiment of the 
present inventions. 
[0024] FIG. 9 shoWs another example of a data processing 
system Which utiliZes tWo different types of interrupt signals 
in order to keep time in a data processing system according to 
one embodiment of the present inventions. 
[0025] FIG. 10 shoWs an example of registers in a micro 
processor according to one embodiment of the present inven 
tions. 
[0026] FIG. 11 is a How chart Which illustrates one embodi 
ment of the present inventions relating to the use of a type of 
interrupt signal to schedule time-related events, such as time 
related events in the future. 
[0027] FIG. 12 is a How chart Which illustrates hoW fast 
interrupts may be processed if interrupts are disabled accord 
ing to at least one embodiment of the present inventions. 
[0028] FIG. 13 is a How chart Which illustrates a method of 
the present inventions Which adjusts for a latency in a sub 
system. 
[0029] FIG. 14 is a time line Which provides an example of 
the adjustment for the latency of a subsystem according to one 
embodiment of the present inventions. 

DETAILED DESCRIPTION 

[0030] Various embodiments and aspects of the inventions 
Will be described With reference to details discussed beloW, 
and the accompanying draWings Will illustrate the various 
embodiments. The folloWing description and draWings are 
illustrative of the invention and are not to be construed as 
limiting the invention. Numerous speci?c details are 
described to provide a through understanding of various 
embodiments of the present invention. HoWever, in certain 
instances, Well-knoWn or conventional details are not 
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described in order to provide a concise discussion of embodi 
ments of the present inventions. 
[0031] The present invention can relate to an apparatus for 
performing one or more of the operations described herein. 
This apparatus may be specially constructed for the required 
purposes, or it may comprise a general purpose computer 
selectively activated or recon?gured by a computer program 
stored in the computer. Such a computer program may be 
stored in a machine (e.g. computer) readable storage medium, 
such as, but is not limited to, any type of disk including ?oppy 
disks, optical disks, CD-ROMs, and magnetic-optical disks, 
read-only memories (ROMs), random access memories 
(RAMs), erasable programmable ROMs (EPROMs), electri 
cally erasable programmable ROMs (EEPROMs), magnetic 
or optical cards, or any type of media suitable for storing 
electronic instructions, and each coupled to a bus. 
[0032] A machine-readable medium includes any mecha 
nism for storing or transmitting information in a form read 
able by a machine (e.g., a computer). For example, a machine 
readable medium includes read only memory (“ROM”); 
random access memory (“RAM”); magnetic disk storage 
media; optical storage media; ?ash memory devices; electri 
cal, optical, acoustical or other form of propagated signals 
(e. g., carrier Waves, infrared signals, digital signals, etc.); etc. 
[0033] At least certain embodiments of the inventions may 
be part of a digital media player, such as a portable music 
and/ or video media player, Which may include a media pro 
cessing system to present the media, a storage device to store 
the media and may further include a radio frequency (RF) 
transceiver (e.g., an RF transceiver for a cellular telephone) 
coupled With an antenna system and the media processing 
system. In certain embodiments, media stored on a remote 
storage device may be transmitted to the media player 
through the RE transceiver. The media may be, for example, 
one or more of music or other audio, still pictures, or motion 
pictures. 
[0034] The portable media player may include a media 
selection device, such as a click Wheel input device on an 
iPod® or iPod Nano® media player from Apple Computer, 
Inc. of Cupertino, Calif., a touch screen input device, push 
button device, movable pointing input device or other input 
device. The media selection device may be used to select the 
media stored on the storage device and/ or the remote storage 
device. The portable media player may, in at least certain 
embodiments, include a display device Which is coupled to 
the media processing system to display titles or other indica 
tors of media being selected through the input device and 
being presented, either through a speaker or earphone(s), or 
on the display device, or on both display device and a speaker 
or earphone(s). Examples of a portable media player are 
described in published U.S. patent application Nos. 2003/ 
0095096 and 2004/0224638 both of Which are incorporated 
herein by reference. 
[0035] Embodiments of the inventions described herein 
may be part of other types of data processing systems, such as, 
for example, entertainment systems or personal digital assis 
tants (PDAs), or general purpose computer systems, or spe 
cial purpose computer systems, or an embedded device 
Within another device, or cellular telephones Which do not 
include media players, or devices Which combine aspects or 
functions of these devices (e.g., a media player, such as an 
iPod®, combined With a PDA, an entertainment system and a 
cellular telephone in one portable device), or devices or con 
sumer electronic products Which include a multi-touch input 
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device such as a multi-touch handheld device or a cell phone 
With a multi-touch input device. 

[0036] FIG. 2 shoWs an example of a data processing sys 
tem Which includes the ability to manage poWer consumed by 
one or more of the subsystems Within the data processing 
system. The system 50 includes a poWer management unit 54 
Which is coupled through a data path to an alWays-alive mod 
ule 58 Which provides control signals to a poWer controller 56 
Which includes a plurality of poWer gates Which provide 
poWer selectively to a plurality of different subsystems Within 
the system 52, Which may be a system on a chip component. 
The system 52 may include a microprocessor 70, a graphics 
processing unit (GPU) 72, a display controller 74, a video 
decoder 76, a digital signal processor (DSP) 78, and a Wire 
less interface controllers 80 Which may include one or more 
Wireless interface controllers described further herein. Each 
of these subsystems 70, 72, 74, 76, 78, and 80 are coupled to 
a corresponding poWer gate through Which poWer is supplied 
to the subsystem. It Will be appreciated that multiple poWer 
gates may be provided in parallel to provide additional cur 
rent capacity if need for a particular subsystem. Each poWer 
gate, such as poWer gate 62A or 62B, has its drain electrode 
coupled to a poWer supply voltage rail 60 and its source 
coupled to the corresponding subsystem. The gate electrode 
of each poWer gate is coupled to a control signal provided by 
the alWays-alive module 58 Which may be controlled, in at 
least certain embodiments, by the poWer management unit 54 
Which may be coupled to the microprocessor through one or 
more buses as described herein. Through this arrangement, it 
is possible for the microprocessor to selectively cause the 
various different subsystems to be turned on and off by caus 
ing the poWer management unit 54 to provide control signals 
to the alWays-alive module 58 Which in turn provides the 
appropriate control signals to turn on or off one or more of the 
sub systems. For example, the microprocessor 70 may instruct 
the poWer management unit 54 to turn off the GPU 72 by 
providing a control signal to the alWays-alive module 58 
Which in turn sets a voltage on the gate electrode of the poWer 
gate 62B Which in turn shuts off the voltage supply to the GPU 
72 through the poWer line 66. Similarly, one or more of the 
other subsystems may also be selectively turned off by caus 
ing its supply voltage to be dropped to a value Well beloW that 
necessary to operate the subsystem. The microprocessor 70 
may even turn itself off by saving state and context informa 
tion for the various application programs and operating sys 
tem programs Which are executing at the time the micropro 
cessor decides to turn poWer off for itself. It Will be 
understood that the system 50 may have additional sub 
systems, not shoWn, such as memory controllers, etc. (ex 
amples of additional subsystems are shoWn in FIG. 4) or the 
system 50 may have feWer subsystems than shoWn in FIG. 2. 
It Will also be understood that the system 50 may include one 
or more buses and one or more bus bridges Which are used to 

interconnect the data and control signals betWeen the various 
subsystems. The bus architecture shoWn in FIG. 3 is an 
example of one or more buses being used to couple the vari 
ous components of a subsystem together. 

[0037] FIG. 3 shoWs an example of one bus architecture 
Which may be used in at least certain embodiments of the 
present inventions. This bus architecture may be used to 
couple together the subsystems in the system 50 of FIG. 2 and 
the subsystems in the system 151 of FIG. 4. The data process 
ing system shoWn in FIG. 3 includes a memory 105 and a 
system 103 Which may be implemented in at least one 
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embodiment as a system on a chip, Which is a monolithic 
semiconductor substrate Which forms an integrated circuit 
that provides all the components for the system on a single 
chip. In an alternative embodiment, the various components 
may be spread over multiple integrated circuits. The system 
103 includes a microprocessor 107 Which is coupled to 
memory 105 through a bus 113 and a memory controller 111. 
The memory controller 111 may be multiple memory con 
trollers for controlling different types of memory 105, such as 
DRAM (e.g. DDR RAM), and ?ash memory and/or other 
types or combinations of memory such as a magnetic hard 
drive, etc. The memory controller 111 is coupled to a graphics 
processing unit 109 Which alloWs the GPU to obtain graphics 
data or store graphics data in the memory 105 and to retrieve 
graphics instructions, for processing by the GPU, from the 
memory 105. It Will be understood that the GPU 109 is 
coupled to a display controller, such as the display controller 
74 shoWn in FIG. 2, Which in turn is coupled to a display to 
drive the display to cause images to appear on the display, 
such as a liquid crystal display (LCD). The microprocessor 
107, the memory controller 111, the memory 105, and the 
GPU 109 are coupled to the rest of the subsystems of FIG. 3 
through tWo peripheral buses and tWo bus bridges as shoWn in 
FIG. 3. Bus bridge 115 couples the bus 113 to the ?rst periph 
eral bus 117 and bus bridge 119 couples the ?rst peripheral 
bus 117 to the second peripheral bus 121. The microprocessor 
107 and the GPU 109 are coupled to the peripheral buses 117 
and 121 through these bus bridges. The GPU 109 is also 
coupled to the ?rst peripheral bus 117 through a control port 
for graphics 133 to the ?rst peripheral bus 117 and the micro 
processor 107 is also coupled to the ?rst peripheral bus 117 
through a peripheral port 131 of the microprocessor 107. One 
or more input/output (I/O) devices may be part of the system 
101. These I/O devices may be one or more of a plurality of 
knoWn I/O devices including track pads, touch pads, multi 
touch input panels, an audio speaker and an audio micro 
phone, a camera, a dock port, one or more Wireless interface 
controllers, a cursor control device such as a mouse or a 

joystick or a trackball, one or more keyboards, one or more 

netWork interface adapters (eg an Ethernet interface port), 
etc. If the system 103 is implemented as a system on a chip, 
then the I/O devices 127 and 129 Wouldtypically be a separate 
component Which is not disposed on the integrated circuit. 
Each of the I/O devices 127 and 129 are coupled through 110 
controllers, such as the I/O controllers 123 and the I/O con 
trollers 125 as shoWn in FIG. 3. In addition to the I/O devices 
previously listed, the system 103 may include other sub 
systems Which may be considered an I/O device, such as a 
video decoder or a digital signal processor such as the video 
decoder 76 and the DSP 78 as shoWn in FIG. 2. An embodi 
ment of the system shoWn in FIG. 3 may include a poWer 
controller and a poWer management unit, along With an 
alWays-alive module in order to provide poWer gating to the 
various subsystems in the system 103. For example, a poWer 
management unit, Which may be similar to the poWer man 
agement unit 54, may be coupled to an alWays-alive module, 
Which may be similar to the alWays-alive module 58, Which in 
turn is coupled to provide control signals to a poWer control 
ler, such as the poWer controller 56, in order to turn poWer on 
and off for one or more of the subsystems in the system 103, 
such as one or more of the I/O controllers or one or more of the 

I/O devices of FIG. 3 or the GPU 109 or the microprocessor 
107, etc. 
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[0038] FIG. 4 shoWs another example of a system Which 
may be used With one or more of the inventions described 

herein. For example, the system shoWn in FIG. 4 may operate 
in the manner shoWn in FIGS. 5A, 5B, and 6 and/or may 
operate in the manner shoWn in FIG. 11 and/ or may operate in 
the manner shoWn in FIG. 13. The data processing system 151 
may implement the system 153 as a system on a chip (SOC) 
integrated circuit or may implement the system 153 as mul 
tiple integrated circuits coupled by one or more buses. The 
data processing system 151 includes a plurality of compo 
nents Which are shoWn external to the system 153 but Which 
are coupled to the system 153 as shoWn in FIG. 4. Such 
components include the dynamic random access memory 
(DRAM) 157, the ?ash memory 159, both of Which are 
coupled to the memory controllers 177, the dock port 171 
Which is coupled to a UART controller 197, the Wireless (RF) 
transceivers 169 Which are coupled to the Wireless interface 
controllers 191 the poWer management unit 167 Which is 
coupled to the IIC port 189, the camera 165 Which is coupled 
to the camera interface controller 187, the audio digital-to 
analog converter 163 Which is coupled to the IIS port 185, the 
multi-touch input panel 161 Which is coupled to the multi 
touch input panel controller 181, and the display device 155 
Which may be a liquid crystal display device, Which is 
coupled to the display controller 179. These various compo 
nents provide input and output capabilities for the data pro 
cessing system as is knoWn in the art. In addition, the system 
153 includes a graphics processing unit 175 and a micropro 
cessor 173 Which may be, in certain embodiments, an ARM 
microprocessor. In addition, the system may include a digital 
signal processor 195 and an interrupt controller 193. These 
various components are coupled together by one or more 
buses and bus bridges 183 Which may be implemented in a 
variety of architectures, such as the bus architecture shoWn in 
FIG. 3 or alternative bus architectures. The poWer manage 
ment unit 167 may operate in the same manner as the poWer 
management unit 54 of FIG. 2, thereby providing poWer 
reduction capabilities to one or more subsystems by turning 
poWer on or off selectively for one or more subsystems as 
described herein. The poWer management unit 167 may be 
coupled to an alWays-alive module (e.g., similar to alWays 
alive module 58) and a poWer controller (e.g., similar to 
poWer controller 56) in the system of FIG. 4. Further, the 
poWer management unit 167, in conjunction With the micro 
processor 173, may implement other poWer reduction tech 
niques, such as operating at different voltage and frequency 
operating points as described herein. While the poWer man 
agement unit is shoWn external to the system 153, it may be 
part of a system on a chip implementation in certain embodi 
ments. At least some of the other components, such as the 
Wireless transceivers 169, may also be implemented in certain 
embodiments as part of a system on a chip. The Wireless 
transceivers 169 may include infrared transceivers as Well as 
radio frequency (RF) transceivers and may include one or 
more of such transceivers, such as a Wireless cellular tele 
phone transceiver, a WiFi compliant transceiver, a WiMax 
compliant transceiver, a Bluetooth compliant transceiver, and 
other types of Wireless transceivers. In one particular embodi 
ment, the Wireless transceivers 169 may include a Wireless 
cellular telephone transceiver, a WiFi compliant transceiver 
(IEEE 802.11 A/ G transceiver), and a Bluetooth transceiver. 
Each of these Wireless transceivers may be coupled to a 
respective Wireless interface controller Which may be one or 
more of a plurality of interface controllers, such as a UART 


















